EP 3 974 489 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
30.03.2022 Bulletin 2022/13

(21) Application number: 20212222.2

(22) Date of filing: 07.12.2020

(11) EP 3 974 489 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
C09J 5/06 (2096.0") HO1L 25/00 (2006.01)

(562) Cooperative Patent Classification (CPC):
C09J 5/06; HO1L 25/00; C09J 2203/326

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 23.09.2020 CN 202011008889

(71) Applicant: InnoLux Corporation
Chu-Nan, Miao-Li 350 (TW)

(72) Inventors:
¢ CHEN, Yi-An
350 Miao-Li County (TW)
* HUANG, Wan-Ling
350 Miao-Li County (TW)
¢ HSIEH, Tsau-Hua
350 Miao-Li County (TW)

(74) Representative: Straus, Alexander
2K Patent- und Rechtsanwilte - Miinchen
Keltenring 9
82041 Oberhaching (DE)

(54)

(57) A method of manufacturing a display device
(100A, 100B, 100C, 101A, 101B, 101C) includes provid-
ing a light emitting unit (121, 122, 123) which has a chip
(121C, 122C, 123C) and at least one bonding pin (121A,
122A, 123A), mounting the light emitting unit (121, 122,
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123)on the substrate (110) through the atleast one bond-
ing pin (121A, 122A, 123A), and applying an adhesive
material (130) to a space (121S, 1225, 123S) between
the chip (121C, 122C, 123C) and the substrate (110).
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Description
Field of the Disclosure

[0001] The present disclosure relates to a method of
manufacturing a display device, in particular to a method
of manufacturing a display device by applying an adhe-
sive material in the space between a chip and asubstrate.

Background of the Disclosure

[0002] With the development of science and technol-
ogy and the demand of use, a display device made with
micro light-emitting units have gradually become popular
in life. In order to increase the yield of the display device,
itis one of the importantissues for manufacturers to cope
with how to develop a display device with greater robust-
ness between the micro light emitting units and the sub-
strate.

Summary of the Disclosure

[0003] In view of this, it is needed to increase the fab-
rication yield of the display device to facilitate the inno-
vation of the display device. For example, an improved
method may be proposed to strengthen the fixation be-
tween the micro light-emitting units and the substrate.
This is achieved by a method of manufacturing display
device according to the claims. The dependent claims
pertain to corresponding further developments and im-
provements.

[0004] As will be seen more clearly from the detailed
description following below, the claimed method of man-
ufacturing a display device is provided by the present
disclosure. Firsta substrate is provided; then a light-emit-
ting unit is provided. The light-emitting unit has a chip
and at least one bonding pin. The light-emitting unit is
mounted on the substrate through the at least one bond-
ing pin. Next, an adhesive material is applied to the space
between the chip and the substrate.

[0005] According to the embodiments of the method
of manufacturing the display device of the present dis-
closure, by applying the adhesive material in the space
between the chip and the substrate, the robustness be-
tween the micro light-emitting units and the substrate
may be improved. Accordingly, the quality of the micro
light-emitting units in the display device may be improved
to facilitate the technological development and innova-
tion of the display device.

[0006] These and other objectives of the present dis-
closure will no doubt become obvious to those of ordinary
skill in the art after reading the following detailed descrip-
tion of the embodiment that is illustrated in the various
figures and drawings.

Brief Description of the Drawings

[0007] In the following, the disclosure is further illus-
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trated by way of example, taking reference to the accom-
panying drawings. Thereof:

FIG. 1 to FIG. 5 are schematic flowcharts of the first
embodiment of the method for manufacturing a dis-
play device according to the present disclosure,
which show schematic cross-sectional views of the
display device;

FIG.4is a schematic flowchart correspondingto FIG.
3 of a method for manufacturing a display device
according to the present disclosure, which shows a
schematic cross-sectional view of the display device;
FIG. 6 to FIG. 9 are schematic flowcharts of the sec-
ond embodiment of the method for manufacturing a
display device according to the present disclosure,
which show schematic cross-sectional views of the
display device;

FIG. 10 to FIG. 11 are schematic flowcharts of the
third embodiment of the method for manufacturing
adisplay device according to the present disclosure,
which show schematic cross-sectional views of the
display device;

FIG. 12 to FIG. 13 are schematic flowcharts of the
fourth embodiment of the method for manufacturing
adisplay device according to the present disclosure,
which show schematic cross-sectional views of the
display device; and

FIG. 14 is a schematic flowchart of the fifth embod-
iment of a method for manufacturing a display device
according to the present disclosure, which shows a
schematic cross-sectional view of the display device.

Detailed Description

[0008] The present disclosure may be understood by
reference to the following detailed description, taken in
conjunction with the drawings as described below. It is
noted that, for purposes of illustrative clarity and being
easily understood by the readers, various drawings of
this disclosure show a portion of the touch display device,
and certain elements in various drawings may not be
drawn to scale. In addition, the number and dimension
of each device shown in drawings are only illustrative
and are not intended to limit the scope of the present
disclosure.

[0009] Certain terms are used throughout the descrip-
tion and following claims to refer to particular compo-
nents. As one skilled in the art will understand, electronic
equipment manufacturers may refer to a component by
different names. This document does not intend to dis-
tinguish between components that differ in name but not
function. In the following description and in the claims,
the terms "include", "comprise" and "have" are used in
an open-ended fashion, and thus should be interpreted
to mean "include, but not limited to".

[0010] When a component or a film layer is referred to
as "disposed on another component or another film layer"
or "connected to another component or another film lay-
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er",itcan mean that the component or film layer is directly
disposed on another component or film layer, or directly
connected to another component or film layer, or there
may be other components or film layers in between. In
contrast, when a component is said to be "directly dis-
posed on another component or film" or "directly con-
nected to another component or film", there is no com-
ponent or film between the two. When a component or a
film layer is referred to as "coupled to" another compo-
nentoranotherfilm layer, it can mean that the component
or film layer is directly connected to another component
or film layer, or indirectly connected to another compo-
nent or film layer via one or more components.

[0011] The terms "about", "substantially", "equal", or
"same" generally mean within 20% of a given value or
range, or mean within 10%, 5%, 3%, 2%, 1%, or 0.5%
of a given value or range.

[0012] Although terms such as first, second, third, etc.,
may be used to describe diverse constituent elements,
such constituent elements are not limited by the terms.
The terms are used only to discriminate a constituent
element from other constituent elements in the specifi-
cation. The claims may not use the same terms, but in-
stead may use the terms first, second, third, etc. with
respect to the order in which an element is claimed. Ac-
cordingly, in the following description, a first constituent
element may be a second constituent element in a claim.
[0013] Thetechnicalfeaturesin differentembodiments
described in the following may be replaced, recombined,
or mixed with one another to constitute another embod-
iment without departing from the spirit of the present dis-
closure.

[0014] FIG. 1to FIG. 5 are schematic flowcharts of the
first embodiment of the method for manufacturing a dis-
play device according to the present disclosure, and
show schematic cross-sectional views of the display de-
vice. The display device of the present disclosure may
be a rigid electronic device, a bendable or flexible elec-
tronic device, and/or a tiled device. It should be noted
that the electronic device may be any combination of the
above, but the present disclosure is not limited thereto.
The electronic device may include, for example, a light
emitting diode, and the light emitting diode may include,
for example, an organic light emitting diode (OLED), a
mini light-emitting diode, (mini LED), and a micro LED or
quantum dots (QD, for example, QLED, QDLED), fluo-
rescence, phosphor or other suitable materials and the
materials may be optionally combined, but the present
disclosure is not limited thereto. The embodiments of the
present disclosure exemplify a plurality of light-emitting
units located on a substrate. The light-emitting unit in-
cluding micro light-emitting diodes (micro-LED) is taken
as an example in the present disclosure, but the present
disclosure is not limited thereto. First, as shown in FIG.
1, a substrate 110 is provided. The substrate 110 may
be a transparent or opaque organic material or inorganic
material, or a rigid material or a flexible material. The
substrate may include, for example, polyimide (PI), poly-
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carbonate (PC), polyethylene terephthalate (PET), other
known suitable materials or a combination thereof, but
the present disclosure is not limited thereto. The sub-
strate 110 may also be a rigid material, such as glass,
sapphire, ceramic or plastic, or any suitable material. Op-
tionally, the substrate 110 may include various elements
for use in display devices, such as an array of electronic
elements (not shown), wires (not shown), polysilicon (not
shown), a bonding pad 111, a bonding pad 112, a bond-
ing pad 113, a bonding pad 114, a bonding pad 115, a
bonding pad 116, a source (not shown), a drain (not
shown), a common electrode (not shown), a pixel defin-
ing layer (not shown) or a limitation layer (not shown),
but the present disclosure is not limited thereto.

[0015] Next, a plurality of light-emitting units, such as
a light-emitting unit 121, a light-emitting unit 122 and a
light-emitting unit 123, are provided. FIG. 1 illustrates that
there are three light-emitting units disposed on the sub-
strate 110, but the present disclosure is not limited there-
to. Each light-emitting unit may have a chip and at least
one bonding pin. For example, the light-emitting unit 121
may have a chip 121C and at least one bonding pin. FIG.
1illustrates an example of a light-emitting unit 121 having
two bonding pins (a bonding pin 121A and a bonding pin
121B), but the present disclosure is not limited thereto.
Similarly, the light emitting unit 122 may have a chip 122C
and two bonding pins, such as a bonding pin 122A/a
bonding pin 122B, and the light emitting unit 123 may
have a chip 123C and two bonding pins, such as a bond-
ing pin 123A/a bonding pin 123B, but the present disclo-
sure is not limited thereto.

[0016] Each of the light-emitting units may be mounted
to the substrate 110 through the bonding pin(s). For ex-
ample, the light emitting unit 121 may be respectively
mounted to the corresponding bonding pad 111/bonding
pad 112 of the substrate 110 through the bonding pin
121A/bonding pin 121B; the light emitting unit 122 may
be respectively mounted to the corresponding bonding
pad 113/bonding pad 114 of the substrate 110 through
the bonding pin 122A/bonding pin 122B; the light emitting
unit 123 may be respectively mounted to the correspond-
ingbonding pad 115/the bonding pad 116 of the substrate
110 through the bonding pin 123A/the bonding pin 123B,
but the present disclosure is not limited thereto. The light-
emitting unitmay be physically and electrically connected
to the bonding pads of the substrate 110 through the
bonding pins. In some embodiments, the bonding pin(s)
of each light-emitting unit and the bonding pad(s) of the
substrate 110 may be bonded together through solder,
but the present disclosure is not limited thereto. Or, in
some embodiments, the bonding pin(s) of each light-
emitting unit and the bonding pad(s) of the substrate 110
may be directly bonded together through metal diffusion
(such as Cu-Cu bonding), but the present disclosure is
not limited thereto. As the substrate structure shown in
FIG. 1, between each chip (for example, the chip 121C
of the light-emitting unit 121, the chip 122C of the light-
emitting unit 122, or the chip 123C of the light-emitting
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unit 123) and the substrate 110, there may be a space.
Forexample, a space 121S is disposed between the chip
121C and the substrate 110, a space 122S is disposed
between the chip 122C and the substrate 110 or a space
123S is disposed between the chip 123C and the sub-
strate 110, but the presentdisclosure is not limited there-
to. In some embodiments, the spaces between the chips
of the light-emitting units and the substrate may not be
large. For example, the distance between the chips of
the light-emitting units and the substrate is approximately
the sum of the height (thickness) of a bonding pad and
abonding pin, and the distance may be less than or equal
to 3 micrometers (<3um), but the present disclosure is
not limited thereto. In the current technology, if the space
between the chips of the light-emitting units and the sub-
strate is relatively small, it may affect the caulking prop-
erty of the adhesive material. If the caulking property of
the adhesive material is poor, it may be detrimental to
the robustness between the light-emitting units and the
substrate. The present disclosure provides a method to
improve the robustness between the light-emitting units
and the substrate, the details are described later.
[0017] According to the present disclosure, each light-
emitting unit for example may include (but is not limited
to) a micro LED. Each micro LED may be used to define
a sub-pixel or regarded as a sub-pixel, to generate light
of a predetermined wavelength. For example, each light-
emitting unitmay correspond to one of ared pixel, a green
pixel, a blue pixel, a white pixel, or other colors or wave-
lengths or a combination thereof, but the present disclo-
sure is not limited thereto. FIG. 1 shows that the light-
emitting unit 121 may be one of a red pixel, a green pixel,
a blue pixel and a white pixel, the light-emitting unit 122
may be one of a red pixel, a green pixel, a blue pixel or
a white pixel, and the light-emitting unit 123 may be one
of a red pixel, a green pixel, a blue pixel or a white pixel,
but the present disclosure is not limited thereto.

[0018] After the light-emitting units are mounted to the
substrate 110, an adhesive material may be applied to
each space which is disposed between each chip and
the substrate 110. FIG. 1 shows an example to apply the
liquid adhesive material 130 by an inkjet printing method,
but the present disclosure is not limited thereto. In a var-
iant embodiment, the method for applying the liquid ad-
hesive material 130 may also include coating, screen
printing or other suitable known processes, and the
above-mentioned process may be applied to other em-
bodiments of the present disclosure for applying the ad-
hesive material 130 and is not elaborated again. The
method proposed in the present disclosure is beneficial
to increase the caulking property of the adhesive material
130, and therefore, is beneficial to the robustness be-
tween each light-emitting unit and the substrate 110. The
adhesive material 130 may be a resin with high optical
transmittance. For example, the optical transmittance of
the adhesive material 130 may be greater than or equal
to 95% (optical transmittance > 95%), but the present
disclosure is not limited thereto. In other words, the op-
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tical transmittance of the adhesive material 130 for light
with a wavelength of 380 nm to 780 nm is greater than
or equal to 95%. Alternatively, the optical transmittance
of the adhesive material 130 for light with a wavelength
of 550 nm is greater than or equal to 95%. The adhesive
material 130 may be a material such as acrylic, silicone,
silicon, or epoxy resin, but the present disclosure is not
limited thereto. The adhesive material 130 may have a
suitable viscosity at room temperature, for example, in a
range between 1 cP and 500 cP, in a range between 1
cP and 100 cP, or in a range between 1 cP and 50 cP,
but the present disclosure is not limited thereto. The ad-
hesive material 130 may have a viscosity which is ther-
mally changeable. For example, upon heating the vis-
cosity of the adhesive material 130 may be adjusted to,
such as between 8 cP and 12 cP. The adjustment of the
viscosity of the adhesive material 130 may match the
size of the nozzle 141 of the inkjet machine 140, to ap-
propriately apply the adhesive material 130 to each
space disposed between each chip and the substrate
110. The droplet size of the droplet-shaped adhesive ma-
terial 130 may be less than or equal to 30 micrometers
(<30 pm).

[0019] Since the adhesive material 130 may be a liquid
of an appropriate viscosity, the droplet-shaped adhesive
material 130 may slowly fill the space 121S, the space
1228 and the space 123S by natural capillary phenom-
enon or gravity after the adhesive material 130 is applied
by the inkjet printing method. For example, the adhesive
material 130 may fill up the space 121S, the space 122S
and the space 1238S. In addition, the adhesive material
130 may also fill the gaps between the light-emitting unit
121, the light-emitting unit 122 and the light-emitting unit
123, or the adhesive material 130 may stay on the top
surfaces of the light-emitting units. For example, the ad-
hesive material 130 may stay on the top surface 121T of
the light emitting unit 121, the top surface 122T of the
light emitting unit 122, or the top surface 123T of the light
emitting unit 123. When the adhesive material 130 fills
the gaps between adjacent light-emitting units, the top
surfaces of the light-emitting units may be higher than
the top surface 130S of the adhesive material 130 (shown
in FIG. 2). FIG. 2 shows that the adhesive material 130
fills up the spaces between the chips and the substrate
110, and fills the gaps between the light-emitting units,
and may also stay on the top surfaces of the light-emitting
units, for example, stays on the top surface 121T of the
lightemittingunit 121in FIG. 2 after the adhesive material
is applied by the inkjet printing method. Optionally, an
external vacuum or pressure may facilitate the droplet-
shaped adhesive material 130 to make the adhesive ma-
terial 130 fill the spaces and gaps.

[0020] In some embodiments, the adhesive material
130 may further cover the top surfaces of the light-emit-
ting units. FIG. 3 illustrates the application of a sufficient
amount of the adhesive material by inkjet printing method
to make the adhesive material fill the spaces between
the chips and the substrate 110, fill the gaps between
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the light-emitting units, and also cover the top surfaces
of the light-emitting units, so it may be regarded as a
packaging structure. For example, the nozzle 141 of the
inkjet machine 140 shown in FIG. 1 may be controlled to
apply the amount of the adhesive material 130 so that
the adhesive material 130 may fill up the space 121S,
the space 122S and the space 123S, and may fill the
gaps between the light-emitting unit 121, the lightemitting
unit 122 and the light emitting unit 123 and further cover
the top surface 121T of the light emitting unit 121, the
top surface 122T of the light emitting unit 122, or the top
surface 123T of the light emitting unit 123. In some em-
bodiments, the top surface 130S of the adhesive material
130 may be higher than the top surfaces of the light emit-
ting units. Since the top surfaces of the light-emitting units
may generally be regarded as the light-emitting surfaces,
in order to reduce the light loss caused by the adhesive
material 130 covering the top surfaces, it is preferable to
select an adhesive material of a light transmittance great-
er than or equal to 95% in this embodiment, but the
present disclosure is not limited thereto. If a smaller
amount of adhesive material is applied by the inkjet print-
ing method, it corresponds to the embodiment as shown
in FIG. 2.

[0021] In some embodiments, if the adhesive material
130 covers the top surface of the light-emitting units, a
post process may be optionally carried out. FIG. 5 shows
a structure after the post process. The top surface 130S
ofthe adhesive material 130 is as high as the top surfaces
of the light-emitting units to form a coplanar structure.
The optional post process may be a surface leveling
method. The optional post process, such as chemical
etching, mechanical polishing, or plasma treatment, may
be carried out to lower the top surface 130S of the ad-
hesive material 130 so that the top surface 130S of the
adhesive material 130 may be roughly (or substantially)
close to the top surfaces of the light-emitting units, or
make the top surface 130S of the adhesive material 130
as high as the top surfaces of the light-emitting units, to
become a coplanar structure, and to expose the top sur-
face 121T of the light-emitting unit 121, to expose the top
surface 122T of the light-emitting unit 122, or to expose
the top surface 123T of the light emitting unit 123.
[0022] In some embodiments, the curing step of the
adhesive material 130 may also be carried out. An ap-
propriate curing step may be carried out by referring to
the curing conditions of various adhesive materials 130,
such as radiation, heating, or a mixture of the two, so that
the cured adhesive material 130 may make the light-emit-
ting units fixed on the substrate to reinforce the bonding
strength between the light-emitting units and the sub-
strate. FIG. 2 illustrates that the display device 100A in-
cludes acured adhesive material 130, and the top surface
130S may be lower than the top surfaces of the light
emitting units. FIG. 3 illustrates that the display device
100B includes a cured adhesive material 130, and the
top surface 130S may be higher than the top surfaces of
the light emitting units. FIG. 5 illustrates that the display
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device 100C includes the cured adhesive material 130,
and the top surface 130S along with the top surfaces of
the light-emitting units forms a coplanar structure.
[0023] FIG. 4 is a schematic flowchart corresponding
to FIG. 3 of a method for manufacturing a display device
according to the present disclosure, which shows a sche-
matic cross-sectional view of the display device. Further-
more, another optional adhesive material 130A, such as
an optical clear resin (OCR), may be used to bond the
display device 100B to another optical substrate 160 after
the curing step of the adhesive material 130. The optical
substrate 160 may include a color conversion layer, a
color filter layer, and a bank 163, but the present disclo-
sure is not limited thereto. FIG. 4 shows that the light
conversion layer may include a light conversion layer
161A, a light conversion layer 161B and a light conver-
sion layer 161C. The color filter layer may include a color
filter layer 162A, a color filter layer 162B and a color filter
layer 162C, but the present disclosure is not limited there-
to. The light conversion layer 161A and the color filter
layer 162A may correspond to the light emitting unit 121,
the light conversion layer 161B and the color filter layer
162B may correspond to the light emitting unit 122, and
the light conversion layer 161C and the color filter layer
162C may correspond to the light emitting unit 123. The
lightconversion layer may convert blue light to green light
or to red light through the light conversion particles there-
in, such as quantum dot particles (QD particles) when
the light emitting unit 121, the light-emitting unit 122 and
the light-emitting unit 123 are blue pixels which emits
blue light, but the presentdisclosure is not limited thereto.
[0024] FIG. 6 to FIG. 9 are schematic flowcharts of the
second embodiment of the method for manufacturing a
display device according to the present disclosure, which
show schematic cross-sectional views of the display de-
vice. In the second embodiment of the method for man-
ufacturing a display device of the present disclosure, a
pixel definition layer (PDL) may be further provided be-
tween adjacent light-emitting units.

[0025] First, as shown in FIG. 6, a substrate 110 is
provided. The substrate 110 may include a bonding pad
111, a bonding pad 112, a bonding pad 113, a bonding
pad 114, a bonding pad 115, and a bonding pad 116.
The substrate 110 may be a transparent or opaque or-
ganic material or inorganic material, or the substrate 110
may be a rigid material or a flexible material. Please refer
to the first embodiment for the details of the substrate
110, so they are not elaborated again. Second, a plurality
of light emitting units are provided, such as alight emitting
unit 121, a light emitting unit 122, and a light emitting unit
123. Each light-emitting unit may have a chip and at least
one bonding pin. For example, the light-emitting unit 121
may have a chip 121C and two bonding pins such as a
bonding pin 121A/a bonding pin 121B, the light-emitting
unit 122 may have a chip 122C and two bonding pins
such as a bonding pin 122A/a bonding pin 122B), the
light-emitting unit 123 may have a chip 123C and two
bonding pins such as a bonding pin 123A/a bonding pin
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123B, but the present disclosure is not limited thereto.
Each of the plurality of light emitting units may be mount-
ed to the substrate 110 through the bonding pin(s). For
example, the light emitting unit 121 may be respectively
mounted to the corresponding bonding pad 111/bonding
pad 112 of the substrate 110 through the bonding pin
121A/bonding pin 121B; the light emitting unit 122 may
be respectively mounted to the corresponding bonding
pad 113/bonding pad 114 of the substrate 110 through
the bonding pin 122A/bonding pin 122B; the light emitting
unit 123 may be respectively mounted to the correspond-
ing bonding pad 115/bonding pad 116 of the substrate
110 through the bonding pin 123A/bonding pin 123B, but
the present disclosure is not limited thereto. Between
each chip and the substrate 110 there may be a space,
such as a space 121S between the chip 121C and the
substrate 110, a space 122S between the chip 122C and
the substrate 110 oraspace 123S between the chip 123C
and the substrate 110, but the present disclosure is not
limited thereto. Please refer to the first embodiment for
the details of the light-emitting unit, so they are not elab-
orated again.

[0026] Between adjacent light-emitting units, a pixel
defining layer may be further included. For example, the
pixel defining layer 151 may be located on one side of
the light emitting unit 121; the pixel defining layer 152
may be located between the light emitting unit 121 and
the light emitting unit 122; the pixel defining layer 153
may be located between the light emitting unit 122 and
the light emitting unit 123; the pixel defining layer 154
may be located beside the light emitting unit 123. Each
pixel defining layer, such as the pixel defining layer 151,
the pixel defining layer 152, the pixel defining layer 153
and the pixel defining layer 154, may include various or-
ganic or inorganic materials. The pixel defining layer may
be a transparent pixel defining layer if no pigment parti-
cles are added. Conversely, it may be a colored pixel
defining layer, such as a white pixel defining layer or a
gray pixel defining layer if pigment particles are added
to the pixel defining layer. Each pixel defining layer may
be located on the substrate 110 or in direct contact with
the substrate 110, butthe presentdisclosure is notlimited
thereto. The top surfaces of the pixel defining layers may
not be lower than the top surfaces of the light emitting
units. For example, the top surface 151S of the pixel de-
fining layer 151, the top surface 1528 of the pixel defining
layer 152, the top surface 153S of the pixel defining layer
153 and the top surface 154S of the pixel defining layer
154 may not be lower than the top surface 121T of the
light emitting unit 121, the top surface 122T of the light
emitting unit 122 or the top surface 123T of the light emit-
ting unit 123, but the present disclosure is not limited
thereto. The pixel defining layers may be used for light
shielding, reducing the possibility of light mixing of adja-
cent light-emitting units to affect the image quality of the
display device. The pixel defining layer may also be used
for reflection to improve the light utilization efficiency of
the light emitting units. In some embodiments, the gaps
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between the pixel defining layers and the adjacent light-
emitting units may not be large, for example, less than
10 micrometers (<10 wm), but the present disclosure is
not limited thereto. A relatively smaller gap between the
pixel defining layer and the adjacent light-emitting unit
may affect the caulking property of the adhesive material.
If the caulking property of the adhesive material is poor,
it may be detrimental to the robustness between the light-
emitting units and the substrate.

[0027] Then, an adhesive material 130 may be applied
to the spaces and gaps between the chips, the pixel de-
fining layers and the substrate 110. FIG. 6 illustrates the
application of the liquid adhesive material by an inkjet
printing method, but the present disclosure is not limited
thereto. The method proposed in the present disclosure
is beneficial to increase the caulking property of the ad-
hesive material so as to be beneficial to the robustness
between the micro light-emitting units and the substrate.
The adhesive material 130 may be a resin with high op-
tical transmittance. For example, the optical transmit-
tance of the adhesive material 130 may be greater than
or equal to 95% (optical transmittance > 95%), but the
present disclosure is not limited thereto. The adhesive
material 130 may be a material such as acrylic, silicone,
silicon, or epoxy resin, but the present disclosure is not
limited thereto. The adhesive material 130 may have a
suitable viscosity at room temperature, for example, in a
range between 1 cP and 500 cP, in a range between 1
cP and 100 cP, or in a range between 1 cP and 50 cP,
but the present disclosure is not limited thereto. The ad-
hesive material 130 may have a viscosity which is ther-
mally changeable. For example, upon heating the vis-
cosity of the adhesive material 130 may be adjusted to,
such as arange between 8 cP and 12 cP. The adjustment
of the viscosity of the adhesive material 130 may match
the size of the nozzle 141 of the inkjet machine 140, to
appropriately apply the adhesive material 130 to each
space and to each gap disposed between each chip, the
pixel defining layers and the substrate 110. The droplet
size of the droplet-shaped adhesive material 130 may be
less than or equal to 30 micrometers (<30 uwm). Since
the adhesive material 130 may be a liquid of an appro-
priate viscosity, the adhesive material 130 may slowly fill
the space 121S, the space 122S and the space 123S by
natural capillary phenomenon or gravity after the adhe-
sive material 130 is applied by the inkjet printing method.
For example, the adhesive material 130 may fill up the
space 1218, the space 122S and the space 123S. In
addition, the adhesive material 130 may also fill the gaps
between the light-emitting units and the pixel defining
layers, or the adhesive material 130 may stay on the top
surfaces of the light-emitting units.

[0028] For example, the adhesive material 130 may
stay on the top surface 121T of the light emitting unit 121,
on the top surface 122T of the light emitting unit 122, or
on the top surface 123T of the light emitting unit 123. The
adhesive material 130 may also stay on the top surfaces
of the pixel defining layers. For example, the adhesive
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material 130 may stay on the top surface 151S of the
pixel defining layer 151, on the top surface 152S of the
pixel defining layer 152, and on the top surface 153S of
the pixel defining layer 153 or on the top surface 154S
of the pixel defining layer 154. In some embodiments,
the top surfaces of the light-emitting units may be higher
than the top surface 130S of the adhesive material 130
(shown in FIG. 2) . FIG. 7 shows that the adhesive ma-
terial 130fills up the spaces, andfills in the gaps between
the light-emitting units and the pixel defining layers, and
may also stay on the top surface 121T of the light emitting
unit 121 and on the top surface 1528 of the pixel defining
layer 152, butthe presentdisclosure is notlimited thereto.
Optionally, an external vacuum or pressure may facilitate
the adhesive material 130 to make the adhesive material
130 fill the spaces and gaps better.

[0029] In some embodiments, the adhesive material
130 may further cover the top surfaces of the light-emit-
ting units. FIG. 8 illustrates the application of a sufficient
amount of the adhesive material by inkjet printing method
to make the adhesive material fill the spaces, fill the gaps
between the light-emitting units and the pixel defining
layers, and cover the top surfaces of the light-emitting
units, so it may be regarded as a packaging structure.
For example, the nozzle 141 of the inkjet machine 140
may be controlled to apply the amount of the adhesive
material 130 so that the adhesive material 130 may fill
up the space 1218S, the space 122S and the space 123S,
and may fill the gaps between the light-emitting units and
the pixel defining layers, and further cover the top surface
121T of the light emitting unit 121, the top surface 122T
of the light emitting unit 122, or the top surface 123T of
the light emitting unit 123. The adhesive material 130
may also cover the top surface 151S of the pixel defining
layer 151, the top surface 152S of the pixel defining layer
152, the top surface 153S of the pixel defining layer 153
or the top surface 154S of the pixel defining layer 154.
After the adhesive material 130 fills the gaps, the top
surface 130S of the adhesive material 130 may be higher
than the top surfaces of the light-emitting units or higher
than the top surface of the pixel defining layer 153. Since
the top surfaces of the light-emitting units may generally
be regarded as light-emitting surfaces, in order to reduce
the light loss caused by the adhesive material 130 cov-
ering the top surfaces, it is preferable to select an adhe-
sive material of a light transmittance greater than or equal
to 95% in this embodiment, but the present disclosure is
not limited thereto. If a smaller amount of adhesive ma-
terial is applied by the inkjet printing method, it corre-
sponds to the embodimentas shownin FIG. 7. Optionally,
an external vacuum or pressure may facilitate the adhe-
sive material 130 to make the adhesive material 130 fill
the spaces and gaps better.

[0030] In some embodiments, if the adhesive material
130 covers the top surfaces of the light-emitting units, a
post process may be optionally carried out. FIG. 9 shows
a structure after the post process. The top surface 130S
ofthe adhesive material 130 is as high as the top surfaces
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of the light-emitting units to form a coplanar structure.
The optional post process may be a surface leveling
method. The optional post process, such as chemical
etching, mechanical polishing, or plasma treatment, may
be carried out to lower the top surface 130S of the ad-
hesive material 130 so that the top surface 130S of the
adhesive material 130 may be roughly (or substantially)
close to the top surfaces of the light-emitting units, or
make the top surface 130S of the adhesive material 130
as high as the top surfaces of the light-emitting units, to
become a coplanar structure, and to expose the top sur-
face 121T of the light-emitting unit 121, expose the top
surface 122T of the light-emitting unit 122 or expose the
top surface 123T of the light emitting unit 123. In some
embodiments, the top surface 151S of the pixel defining
layer 151, the top surface 152S of the pixel defining layer
152, the top surface 153S of the pixel defining layer 153
or the top surface 154S of the pixel defining layer 154
may be exposed as well.

[0031] In some embodiments, the curing step of the
adhesive material 130 may also be carried out. An ap-
propriate curing step may be carried out by referring to
the curing conditions of various adhesive materials 130,
such as radiation, heating, or a mixture of the two, so that
the cured adhesive material 130 may make the light-emit-
ting units fixed on the substrate to reinforce the bonding
strength between the light-emitting units and the sub-
strate. FIG. 7 illustrates that the display device 101A in-
cludes acured adhesive material 130, and the top surface
130S may be lower than the top surfaces of the light
emitting units. FIG. 8 illustrates that the display device
101B includes a cured adhesive material 130, and the
top surface 130S may be higher than the top surfaces of
the light emitting units. FIG. 9 illustrates that the display
device 101C includes the cured adhesive material 130,
and the top surface 130S along with the top surfaces of
the light-emitting units forms a coplanar structure.
[0032] FIG. 10 to FIG. 11 are schematic flowcharts of
the third embodiment of the method for manufacturing a
display device according to the present disclosure, which
show schematic cross-sectional views of the display de-
vice. In the third embodiment of the method for manu-
facturing a display device according to the present dis-
closure, the application of the adhesive material may in-
volve a sheet of the adhesive material in a solid state.
[0033] FIG. 10 shows an example to apply the adhe-
sive material in a form a sheet in a solid state, but the
present disclosure is not limited thereto. The method pro-
posed in the present disclosure is beneficial to increase
the caulking property of the adhesive material, and there-
fore, is beneficial to the robustness between each light-
emitting units and the substrate. For example, an adhe-
sive material in a solid state is provided, and a sheet of
the solid adhesive material is attached to a plurality of
light-emitting units. The sheet 131 may be an optical
transparent adhesive, such as optically clear adhesive
(OCA), but the present disclosure is not limited thereto.
The optical transmittance of the sheet 131 may be greater
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than or equal to 95% (optical transmittance > 95%), but
the present disclosure is not limited thereto. In some em-
bodiments, the thickness of the sheet 131 may be less
than 10 micrometers (<10 pwm). The sheet 131 may be
in a solid state at room temperature, but the present dis-
closure is not limited thereto. The sheet 131 may be sof-
tened and have a suitable viscosity upon heating to con-
vert the sheet 131 from a solid state to a liquid state. For
example, the solid sheet 131 may be softened to become
a liquid adhesive material 130 after the heating step to
adjust the viscosity to, such as a range between 8 cP
and 12 cP.

[0034] Since the adhesive material 130 may be a liquid
of an appropriate viscosity, the adhesive material 130
may slowly fill the spaces between the chips and the sub-
strate after the softened sheet 131 becomes the liquid
adhesive material 130. For example, the adhesive ma-
terial 130 may slowly fill into and fill up the space 121S,
the space 122S and the space 123S by natural capillary
phenomenon or gravity. In addition, the adhesive mate-
rial 130 may also fill the gaps between the light-emitting
unit 121, the light-emitting unit 122 and the light-emitting
unit 123, or the adhesive material 130 may stay on the
top surfaces of the light-emitting units. For example, the
adhesive material 130 may stay on the top surface 121T
of the light emitting unit 121, on the top surface 122T of
the light emitting unit 122, or on the top surface 123T of
the light emitting unit 123. The top surfaces of the light-
emitting units may be higher than the top surface 130S
of the adhesive material 130 (shown in FIG. 2). In some
embodiments, the adhesive material 130 may further
cover the top surfaces of the light-emitting units. As
shown in FIG. 3, the adhesive material may fill the spac-
es, fill the gaps between the light-emitting units, and fur-
ther cover the top surfaces of the light-emitting units. The
amount of the adhesive material 130 may be controlled
so that the adhesive material 130 may fill up the space
1218, the space 122S and the space 123S, and may fill
the gaps between the light-emitting unit 121, the light
emitting unit 122 and the lightemitting unit 123 and further
cover the top surface 121T of the light emitting unit 121,
the top surface 122T of the light emitting unit 122 or the
top surface 123T of the light emitting unit 123. The top
surface 130S of the adhesive material 130 may be higher
than the top surfaces of the light emitting units after the
adhesive material 130 fills the spaces and the gaps. Op-
tionally, an external vacuum or pressure may facilitate
the liquid adhesive material 130 to make the adhesive
material 130 fill the spaces and gaps better.

[0035] In another embodiment of the present disclo-
sure, a post process may be optionally carried out if the
adhesive material 130 covers the top surfaces of the light-
emitting units. FIG. 5 shows that the top surface 130S of
the adhesive material 130 is as high as the top surface
of the light-emitting unit to form a coplanar structure after
the post process. The optional post process may be a
surface leveling method. Please refer to FIG. 5 for the
details of the post process, so they are not elaborated
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again.

[0036] In some embodiments, the curing step of the
adhesive material 130 may also be carried out. An ap-
propriate curing step may be carried out by referring to
the curing conditions of various adhesive materials 130,
such as radiation, heating, or a mixture of the two, so that
the cured adhesive material 130 may make the light-emit-
ting units fixed on the substrate to reinforce the bonding
strength between the light-emitting units and the sub-
strate. Please refer to FIG. 2, FIG. 3 or FIG. 5 for the
details, so they are not elaborated again. FIG. 12 to FIG.
13 are schematic flowcharts of the fourth embodiment of
the method for manufacturing a display device according
to the present disclosure, which show schematic cross-
sectional views of the display device. In the fourth em-
bodiment of the method for manufacturing a display de-
vice of the present disclosure, the method of applying
the adhesive material may involve a sheet of an adhesive
material in a solid state on the substrate including the
pixel defining layer.

[0037] FIG. 12 shows the adhesive material is applied
in a form a sheet in a solid state, but the present disclo-
sure is not limited thereto.

[0038] The method proposed in the present disclosure
is beneficial to increase the caulking property of the ad-
hesive material, and therefore, is beneficial to the robust-
ness between each light-emitting unit and the substrate.
For example, an adhesive material in a solid state is pro-
vided, and a sheet of the solid adhesive material is at-
tached to a plurality of light-emitting units. The sheet 131
may be an optical adhesive, such as optically clear ad-
hesive (OCA). Please refer to the above descriptions for
the details of the sheet 131, so they are not elaborated
again.

[0039] Since the adhesive material 130 may be a liquid
of an appropriate viscosity, the adhesive material 130
may flow into the spaces between the chips and the sub-
strate after the softened sheet 131 becomes the liquid
adhesive material 130. For example, the adhesive ma-
terial 130 may slowly fill into and fill up the space 121S,
the space 122S and the space 123S by natural capillary
phenomenon or gravity. In addition, the adhesive mate-
rial 130 may also fill the gaps between the light-emitting
units and the pixel defining layers, or the adhesive ma-
terial 130 may stay on the top surfaces of the light-emit-
ting units. For example, the adhesive material 130 may
stay on the top surface 121T of the light emitting unit 121,
on the top surface 122T of the light emitting unit 122 or
on the top surface 123T of the light emitting unit 123. The
adhesive material 130 may also stay on the top surfaces
of the pixel defining layers. For example, the adhesive
material 130 may stay on the top surface 151S of the
pixel defining layer 151, on the top surface 152S of the
pixel defining layer 152 and on the surface 153S of the
pixel defining layer 153 or on the top surface 154S of the
pixel defining layer 154. The top surfaces of the light-
emitting units may be higher than the top surface 130S
of the adhesive material 130 (shown in FIG. 2) after the
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adhesive material 130 fills the gaps between adjacent
light-emitting units.

[0040] In some embodiments, the adhesive material
130 may further cover the top surfaces of the light-emit-
ting units. FIG. 8 illustrates that the adhesive material fills
the spaces, fills the gaps between the light-emitting units,
and covers the top surfaces of the light-emitting units. In
some embodiments, a post process may be optionally
carried out if the adhesive material 130 covers the top
surfaces of the light-emitting units. FIG. 9 shows that the
top surface 130S of the adhesive material 130 is as high
as the top surfaces of the light-emitting units to form a
coplanar structure after the post process. The optional
post process may be a surface leveling method. Please
refer to FIG. 9 for the details of the post process, so they
are not elaborated again.

[0041] In some embodiments, a curing step of the ad-
hesive material 130 may be further carried out. An ap-
propriate curing step may be carried out by referring to
the curing conditions of various adhesive materials 130,
such as radiation, heating, or a mixture of the two, so that
the cured adhesive material 130 may make the light-emit-
ting units fixed on the substrate to reinforce the bonding
strength between the light-emitting units and the sub-
strate. Please refer to FIG. 7, FIG. 8 or FIG. 9 for the
details, so they are not elaborated again. FIG. 14 is a
schematic flowchart of the fifth embodiment of a method
for manufacturing a display device according to the
present disclosure, which shows a schematic cross-sec-
tional view of the display device. In the fifth embodiment
of the method of manufacturing a display device of the
present disclosure, the method of applying the adhesive
material may involve a sheet of a solid adhesive material
or a liquid adhesive material.

[0042] The adhesive material 130 may slowly fill the
space 1218, the space 122S, and the space 123S after
the adhesive material 130 is applied. For example, the
adhesive material 130 may fill up the space 121S, the
space 1228, and the space 123S. In addition, the adhe-
sive material 130 may further fill the gaps between the
light emitting units and the pixel defining layers. For ex-
ample, the adhesive material 130 may fill the gap be-
tween the pixel defining layer 152 and the light emitting
unit 121, the adhesive material 130 may fill the gap be-
tween the pixel defining layer 152 and the light emitting
unit 122, the adhesive material 130 may fill the gap be-
tween the pixel defining layer 153 and the light emitting
unit 122, the adhesive material 130 may fill the gap be-
tween the pixel defining layer 153 and the light emitting
unit 123, and the adhesive material 130 may fill the gap
between the pixel defining layer 154 and the light emitting
unit 123. Next, the adhesive material 130 may be cured.
Different from the aforementioned curing of the adhesive
material 130, the adhesive material 130 may be cured
from the other side of the substrate 110 (the side opposite
to the light-emitting units) in this embodiment. The meth-
od of locally curing the adhesive material 130 may use
a laser to focus on certain parts of the adhesive material
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130, or a local curing device to locally cure certain parts
of the adhesive material 130. For example, a laser may
be used to focus on the part 135A, the part 135B, the
part 135C, the part 135D, the part 135E, the part 135F,
the part 135G, the part 135H and the part 1351 of the
adhesive material 130 so that these parts of the adhesive
material 130 are cured, but other parts of the adhesive
material 130 are not cured or not completely cured, to
become a selectively cured adhesive material 130 which
is different from the above-mentioned adhesive material
130.

[0043] The uncured adhesive material 130 or the in-
completely cured adhesive material 130 may be removed
after the selective curing of the adhesive material 130.
The method to remove the uncured adhesive material
130 may be: entirely cleaning the selectively cured ad-
hesive material 130 or immersing the selectively cured
adhesive material 130 in a solvent, but the present dis-
closure is not limited thereto.

[0044] A display device of this embodiment may be
obtained after removing the uncured adhesive material
130. The display device of this embodiment includes a
locally cured portion of the adhesive material. This locally
cured portion of the adhesive material, such as the part
135A, the part 135B, the part 135C, the part 135D, the
part 135E, the part 135F, the part 135G, the part 135H
or the part 1351, may be selectively located in the space
1218, selectively located in the space 122S or selectively
located in the space 123S, but the present disclosure is
not limited thereto. In addition, the locally cured portion
of the adhesive material may also be selectively located
in the gaps between the light-emitting units and the pixel
defining layers, for example, selectively located between
the pixel defining layer 152 and the light-emitting unit
121, selectively located between the pixel defining layer
152 and the light emitting unit 122, selectively located
between the pixel defining layer 153 and the light emitting
unit 122, selectively located between the pixel defining
layer 153 and the light-emitting unit 123 or selectively
located between the pixel defining layer 154 and the light-
emitting unit 123, but the present disclosure is not limited
thereto. The differences between the display device of
this embodiment and the display device 100A shown in
FIG. 2 or the display device 101A shown in FIG. 7 reside
in that there may be no adhesive material 130 remaining
on the top surfaces of the light-emitting units or the ad-
hesive material 130 may not stay on the top surfaces of
the pixel defining layers although the top surface 130S
of the cured adhesive material 130 may be lower than
the top surfaces of the light emitting units.

[0045] According to the method of manufacturing the
display device of the embodiments of the present disclo-
sure, a display device with enhanced bonding strength
of the light-emitting units fixed on the substrate may still
be obtained even the distance between the chips of the
light-emitting units and the substrate may be less than
or equal to 3 micrometers, or the gaps between the pixel
defining layers and the adjacent light-emitting units may



17 EP 3 974 489 A1

be less than 10 micrometers by applying the adhesive
material in the spaces between the chips and the sub-
strate. This display device may also be directly regarded
as a packaging structure. In this way, the quality of the
mini light-emitting units in the display devices may be
improved to facilitate the technological improvement and
innovation of the display device.

[0046] Forthose skilledinthe art, the technical features
disclosed in the aforementioned embodiments can be
replaced or recombined with one another to constitute
another embodiment without departing from the spirit of
the present disclosure.

Claims

1. A method of manufacturing a display device (100A,
100B, 100C, 101A, 101B, 101C), characterized by:

providing a substrate (110);

providing a light emitting unit (121, 122, 123)
having a chip (121C, 122C, 123C) and at least
one bonding pin (121A, 122A, 123A);
mounting the light emitting unit (121, 122, 123)
on the substrate (110) through the at least one
bonding pin (121A, 122A, 123A); and

applying an adhesive material (130) to a space
(1218, 122S, 123S) between the chip (121C,
122C, 123C) and the substrate (110).

2. The method according to claim 1, characterized in
that the adhesive material is applied by an ink-jet
printing process.

3. The method according to any one of claim 1 to claim
2, characterized in that the adhesive material (130)
has a viscosity in a range from 8cP to 12cP.

4. The method according to any one of claim 1 to claim
3, characterized in that the adhesive material (130)
is applied by:

attaching a sheet (131) of the adhesive material
(130) in a solid state on the light emitting unit;
and

converting the sheet (131) from the solid state
into a fluid state, thereby flowing into the space
(1218, 122S, 123S) between the chip (121C,
122C, 123C) and the substrate (110).

5. The method according to claim 4, characterized by
a heating step to convert the sheet (131) of the ad-
hesive material (130) from the solid state into the
fluid state.

6. The method according to claim 4, characterized in
that the sheet (131) has a thickness less than 10pum.
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